Abstract: Nanocrystalline β-HgS has many technological applications and prepared by novel microwave assisted method. The structural stability was studied by in situ high pressure X-ray powder diffraction measurements. No structural transformation was observed in nano-HgS upto 15 GPa. There is a shift in transition pressure towards the higher side when compared with the bulk materials. The volume decreased with an increase of pressure.
Introduction
 Nanocrystalline materials with dimension less than 100 nm show remarkable revolution in the area of research in Physics, Chemistry and Engineering [1] . The metallic nanoparticles and their sulphide derivatives have become important components in various fields like catalysis [2] , environmental remediation [3] , gene therapy [4] , imaging [5] , drug delivery [6] , biomarkers [7] , sensors [8] and energy storage [9] . The unique properties of nanoparticles like large surface area, high magnetism and high chemical activity [10] paved way for the above said applications. These properties can be altered by the size and shape of the nanoparticles [11] . Sulphide semiconductors have been the focus of many researchers in recent years due to the quantum size effect [12, 13] . Among the semiconductor nanoparticles, Mercuric Sulphide (HgS) is a technologically important semiconductor and is widely used for application in ultrasonic transducer [14, 15] , electrostatic image material [14] , photoelectric conversion devices [16] [17] [18] , acousto-optical materials [19] and infrared sensing [20] . Meta-cinnabar (β-HgS) is an insulator which can be used for low power consumption electronic devices [21] . Research has been employed for the remediation of mercury and β-HgS is a promising nanoparticle to remove the toxicity of the mercury from the contaminated environment.
For this purpose β-HgS must be synthesized in various forms with high purity of controlled size and shape for stabilizing surface modification. Though we have a number of methods to prepare metal sulphide (HgS) it is still a challenge to synthesize nanosized β-HgS particle by a practical and facile route. The microwave assisted route is a novel method which is faster and energy efficient. This method is used for synthesizing metal sulphide [22, 23] . It is a fast, convenient, mild, energy-efficient and environmentally friendly route for synthesizing β-HgS. The prepared product was characterized by XRD, TEM and XPS. According to TEM observations the HgS nanoparticles are mostly spherical in shape with an average size of 15-20 nm [24] .
High pressure plays a vital role to explore the phase transformation and possible path to expand the range of available solid state materials for applications. β-HgS being an II-VI semiconductor, the electrical transport property and structural property of HgS
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In-Situ high pressure studies on Nanocrystalline mercury Sulphide 60 under high pressure is very important and useful. In our present work, a high pressure investigation is carried out in order to understand the structure of HgS under high pressure. The transition pressure obtained by experiment for the nanoparticle is compared with the transition pressure given in the literature for bulk materials
Experimental Procedure

Sample Preparation
About 1.5 g of mercury acetate (Hg (Ac 20 )) is added to 60 mL of polyethylene glycol (PEG-200). All the reagents used in the experiment are of analytical grade and used without any purification. About 0.2 g of sulphur powder is introduced into the PEG solvent. The amount of entire reagent is optimized. The mixture is then placed in the microwave refluxed system and the reaction is performed under ambient air for 20 minutes. The microwave oven followed a working cycle of 9 seconds "on" and 21 seconds "off" i.e. 30% power. At the end of the reaction, the black precipitates are collected and centrifuged, washed with distilled water and absolute acetone and finally dried in air. The final products are collected for characterization using XRD, TEM and XPS. According to TEM observation thus prepared, HgS nanoparticle is mostly spherical in shape. The average size of HgS is in the range 15-20 nm. They are in good agreement with those estimated by the Debye-Scherrer equation. The XPS is employed to investigate the composition and purity of the prepared nanoparticles. The Hg:S ratio is 58:42 which shows that the surface of the products is rich in sulphur [24] .
High Pressure XRD
The high pressure studies were carried out using a Mao-Bell type diamond anvil cell. The Rigaku 12 kW rotating anode X-ray generator with an energy dispersive X-ray diffraction system was employed.
The samples were pressurized between the faces of two gem-quality diamonds made with brilliant cut. 
Result and Discussion
At normal conditions the XRD patterns collected show that the products obtained are in cubic phase. Generally HgS is observed under normal conditions both in the cinnabar phase ("α" or "red" form) and the metastable zincblende phase ("black" or "β" form). At high pressure it has been reported that the phase transformation from zinc blende to cinnabar phase takes place at 5.5 GPa to 14.5 GPa [26] and at 27 GPa it transforms into rock salt (NaCl) [27] . There is also evidence for a continuous transition to a phase III which appears to be a distorted form of NaCl at < 55 GPa [27] and above 30 GPa [28] . Based on the literature, the cubic phase transforms to distort NaCl at about 55 GPa. The above results have been reported for bulk HgS. No structural transition is obtained for nano sized HgS up to 15 GPa. Instead, we are able to notice the disappearance of some peaks. Fig. 1 shows the high pressure XRD pattern of HgS with a particle size 20 nm. The lattice parameter a = 5.8621Å and volume is found to be 201.499Å 3 at ambient pressures.
On increase of pressure, the volume decreases following the universal accepted statement. Fig. 2 shows the pressure versus volume graph of nano HgS which is drawn in accordance with the Brich equation of state. For bulk HgS, one must obtain a first-order phase transition in between 13-20 GPa. In the case of nanocrystalline HgS, the first order is not seen up to 15 GPa. The surface to volume ratio and the probability of mono domain crystallites formation is inversely proportional to the size of the nanocrystallite. The difference in the transition pressure between the bulk and the nanoparticle is comprised by three main factors [29, 30] such as (1) difference of surface energy of the phase under investigation, (2) difference of the internal energy at the crystallite site, (3) difference in the volume of the bulk and the nanoparticle. The surface energy plays a major role in the enhancement of transition pressure and phase transformation dynamics. The driving force for the phase transformation is the thermo dynamical reduction of Gibbs free energy from the initial phase to the final phase. Single nucleation effect also plays a vital role in the enhancement of transition pressure. This effect can be explained with the help of surface energy and shape changes. The peak width before and after the transition is the same on the application of pressure. This indicates that the nanocrystals transfer coherently without domain facture. In a solid-solid phase transformation, there is often a specific path that the atom follows when going from one phase to next phase [31, 32] . This path acts as the reaction coordinate for the phase transition. If all the atoms are moving in a well-defined path, this must cause the crystal to change shape. This is not usually observable in macroscopic crystals since the internal energy for bulk materials is contributed by each and every crystallite separately and cause multiple nucleation which in turn break the crystal into many domains, thus obscuring any overall change in shape. The shape change will change the position of atoms on the surface as well as in the interior and thereby alter the surface energy of the crystal. In bulk, most of the atoms are in the interior and change in surface energy is negligible. However, in nanocrystalline materials the internal energy is contributed form the core atoms as well as from the surface which on cumulative effect produce a mono nucleation. Moreover in nanocrystals a large fraction of the atoms is on the surface and this results in shape change. From this it is evident that volume collapse (nucleation) and surface energy difference contribute to the elevation of transition pressure in semiconductor nanocrystals.
Conclusion
The nanocrystalline mercury sulphide prepared by microwave assisted method is subjected to high pressure and no structural phase transformations are observed up to 15 GPa. The reduction of particle size has enhanced the transition pressure which in turn increases the surface energy. Due to the application of pressure the volume is reduced and the compressibility has enhanced. The volume collapse, internal energy and surface to volume ratio play a vital role in enhancing the transition pressure.
